effects on shoot development have been implicated in KNOX function, but without a direct link. Recent investigations have focused on gibberellins [1,2]. Sakamoto et al. [1] showed that NTH15, a KNOX protein from tobacco, directly represses the expression of a gene encoding an enzyme of gibberellin biosynthesis. An inducible form of NTH15 was made using the glucocorticoid receptor system [6] to demonstrate that NTH15 interferes with the step in the conversion of gibberellins to their bioactive form catalyzed by the GA20-oxidase Ntc12. NTH15 binds to a 5 base-pair sequence within the first intron of Ntc12 to repress transcription. Between one and three hours after inducing NTH15 activity the levels of Ntc12 mRNA are reduced, leading to a gradual decrease in bioactive gibberellins over 24 hours. Consistent with these findings, NTH15 and Ntc12 have complementary expression patterns; NTH15 is confined to the shoot apical meristem, and Ntc12 to developing leaves. To show that NTH15 can repress expression of Ntc12 in vivo, the NTH15 binding sequence in a Ntc12 transgene was mutated; in the absence of NTH15 binding, Ntc12 was expressed in an expanded domain within the shoot apical meristem.
The relationship between gibberellin levels and KNOX gene expression has also been examined in Arabidopsis. As recently reported in Current Biology, Hay et al. [2] found that the effects of KNOX gene misexpression could be suppressed by application of exogenous gibberellin, or in a mutant background where gibberellin signaling is constitutive. These results indicate that KNOX proteins repress gibberellin biosynthesis, rather than gibberellin signalling. Ectopic KNOX expression in leaves also represses transcription of AtGA20ox1, which encodes a gibberellin 20-oxidase. Hay et al. [2] observed ectopic AtGA20ox1 expression in the shoot apical meristem of a strong stm mutant, suggesting that STM negatively regulates AtGA20ox1 to reduce gibberellin levels within its normal domain of expression. In wild-type plants, AtGA20ox1 is expressed in developing leaves and down-regulated within the shoot apical meristem, in a similar manner to Ntc12 in tobacco.
Arabidopsis mutants that are defective in gibberellin biosynthesis do not phenocopy KNOX misexpression phenotypes, indicating that the control of gibberellin biosynthesis is regulated by more than KNOX proteins alone. The Arabidopsis gene PICKLE (PKL), which encodes a putative chromatin-remodeling factor, may affect expression of gibberellin biosynthetic genes independently of KNOX proteins [2] . The phenotype of a pkl mutant resembles that caused by a defect in gibberellin biosynthesis or signaling, and is suppressed by exogenous gibberellin and enhanced by inhibitors of gibberellin biosynthesis [7] . Genetic analysis placed PKL in the gibberellin signal transduction pathway, because pkl mutations enhance the effects of mutations of gibberellin biosynthesis and signal transduction. Hay et al. [2] found that, whilst pkl mutations do not cause ectopic KNOX gene expression, they do Arabidopsis mutants where gibberellin signaling is constitutively active do not show obvious shoot apical meristem defects. Why are KNOX genes required to down-regulate GA20-oxidase genes? Hay et al. [2] showed that constitutive gibberellin signaling can have a negative effect upon the shoot apical meristem. Weak stm mutants that have a partially functional shoot apical meristem are enhanced by spindly (spy) mutations, which cause constitutive gibberellin signalling, so that stm; spy double mutants lack a functional meristem. This indicates that KNOX genes play a role in maintaining the shoot apical meristem through down-regulation of gibberellin biosynthesis.
So KNOX proteins repress GA20 oxidase production in Arabidopsis and tobacco -but is this conserved in other plants? Hay (Figure 2 ).
